Introduction
The fast ejection system1s2 for the Serpukhov 70 Gev proton synchrotron was made by CERN and installed and commissioned jointly at the Institute for High Energy Physics (IHEP) at Serpukhov, USSR, as part of the collaboration between the two Institutes. Experience with the CPS showed the desirability of installing, simultaneously with the ejection, a beam diagnostic system designed specifically to yield all relevant data on ejection performance. This should shorten the usually lengthy setting up tines, increase average efficiency which tends to drop during routine operation, and provide a record of performance. Also, since different parties were responsible for commissioning of a number of strongly interlaced systems (accelerator, ejection, proton beam transport, RF separated beam, bubble chamber), it seemed appropriate to be completely clear about beam conditions at the interfaces be:ween ejection and accelerator on one hand, and ejection and beam transport on the other. Knowing the vulrerabie nature of such instrumen%ation and its relative ncvelty in the USSR, some redundancy has been incorporated and the hardware and software have been kept as modular and conceptually simple as possible. The results confirm the philosophy: the beam was ejected close to the theoretical trajectory and conserving the accelerator emittance one day after completion of the installation.
The first run started a few days about 20 ns long and of roughly triangular shape in time. The field in the kicker magnet ~~16 (Fig. 1 ) should rise and fall between the passage of subsequent bunches. It can thus deflect sequential groups of 1 up to 30 bunches into the aperture of septum magnet SM24 which moves close to the central orbit shortly before ejection and which bends the beam into the stationary septum magnet ~~26. The latter acts as switch, directing the beam into channel A, channel C or, when not powered, into channel B through the stationary septum magnet SM28. The system allows 3 ejections per acceleration cycle, each time ejecting a different number of bunches at different times and energies, into anyone of the 3 external channels.
The detectors and their uses are the following:
* Three beam transformers (BT). One is placed upstream of the fast ejection system and one at each exit window. They measure the charge of each proton bunch and permit to calculate the circulating beam intensity before and after each ejection shot, the ejected-beam intensity and the ejection efficiency for each prcton bunch. This yields an accurate account of the proton distribution between the three channels and allows adjusting the rise and fall time of the kicker magnet field between passage of bunches. All detector signals are digitalised and fed to a PDP-8L minicomputer, together with supplementary data of ejection system, beam transport system and accelerator (Fig. 2) . Output data are transmitted to a main data display (&CD) in the local (ejection) control room (xl?).
The most significant ones are repeated on the -t:ntral control desk (CCD) of the same room and in the accelerator main control room (MCR).
Beam monitors Beam Transformers3
Bunch-by-bunch intensity measurement is 'chosen rather than more precise overall measurement since, together with the CRT analogue display, this constitutes a very powerful operational tool. The transformers must stow the bunch structure of the be~am, which acts as primary winding.
The secondary winding consists of two parallel sections of 6 turns eacn, wuunu on a toruiuai rer-,lloy-tLYe core. BT14 has an opening of 205 mm and is mounted around an insulated section of the accelerator vacuum chamber. It is made of 10 urn thick tape, whereas 13~28 and BT30, with an opening of 75 mm, have a tape thickness of 30 urn to make them magnetically comparable with BTl4. The transformers are connected via long low-loss coaxial cables with the analogue-to-time converters (ATC). The signals pass first through remote-controlled attenuators.
The electronic switch ( Fig. 3) connects one of the external transformers during ejection and the internal one before and after. Next, the base-line between bunches is accurately reset to zero. This circuit also drives a low impedance line to which 3C gates are connected, one for each bunch.
EI.,o-,;T$l q--J-~ .~ _;---"G, I , The bunch transmitted through a gate is stretched and serves to charge a capacitor, which is then discharged by a constant current.
For the duration of the discharge, an output pulse is generated which is sent to the computer interface.
To prevent reflections in the distribution line, the whole ATC is built very compact and fits into a 4-unit wide JIM plug-in.
In 30 sequential intervals of 165 ns, corresponding to the RF buckets, BT14 measures the circulating bunches 160 us before and 165 us after ejection. The ejected bunches are measured by BT28 or BT30 in the corresponding intervals.
The appropriate external transformer is selected by a coaxial reed switch, which can automatically be commutated between ejection shots from a shot-channel correlator. The internal transformer uas calibrated by comparing the sum of the measurements of the 30 bunches with the machine intensity.
The two values continued to agree within 3 % over a period of several months. The signal from each electrode is digitalized separately.
Only the positive part QA and QB of the differentiated signal (Fig. 4) is measured.
The signal passes first a remote,controlled step attenuator (Fig. 5) . A fast diode gate opens to let the selected bunch through.
This bunch passes a current amplifier with a high output impedance.
The hot carrier diodes Dl and D2 allow the positive part of the differentiated pulse to charge Cl. The differential amplifier A2 charges capacitor C2 to the voltage of Cl. Amplifier A3 generates an output pulse for the duration of the discharge of C2. In good working conditions and with a stable accelerator beam, statistics were obtained over several hundred shots, with RMS deviations of the measured position of less than 0.3 mm and this for all PU's. The absolute precision is better than 2 mm everywhere, as long as the beam does not touch the electrodes.
Beam Profile Monitors
The RPM's consist of grids of 16 aluminium foil strips, 2 mm wide, 3 mm apart, 25 urn thick, sandwiched between two solid foils at +200 V potential w.r.t. the strips.
The latter are soldered at both ends to connection leads on a printed circuit frame, giving the sandwich mechanical stiffness.
RPM24 is mounted upstream on SM24 and hence moves with it.
It is collapsable and when turned into the deflected beam path, it covers the magnet aperture and the first strip is in line with the septum, Signals and controls pass through flexible strips. BP&!'s in straight section 28 are stationary. Since they are placed between the main magnet coils, they are shielded against a magnetic field of about 0.15 T by a thick armco yoke.
Pig. 6. Beam profile monitor A/T conversion.
When the BPM is placed in the beam path, electrons are set free by protons striking the strips. Charge sensitive preamplifiers (Fig. 6) are situated in the accelerator basement, where the radiation level is moderate.
Reset is automatic, due to the resistor in parallel with the feedback capacitor. The gain is remote controlled.
The 16 outputs go through a shielded multicore cable to the multiplexer. There one RPM, out of maximum five, can be connected to the ATC. In the ATC a linear ramp is generated, 0.5 ms after ejection. This ramp crosses the zero line and the signal line. An output pulse is generated between these two crossings . The 16 pulses are sent to the computer interface.
Although the coarse spacing of 3 mm between strips proved adequate for the beam sizes of somewhat less than 10 mm during commissioning, the system may be upgraded to provide twice the present resolution.
Radiation Monitors
Ionization chambers (IC) are used as radiation detectors.
They are filled with pure argon at a pressure slightly above atmospheric. The sensitive volume is about 1 litre and the collection times are 500 us for the positive ions and 3 us for the electrons. The collected charge is roughly proportional to the number of protons lost in the straight sections monitored. The signals from the IC, integrated over the whole acceleration cycle, are displayed on a scope (Fig. 7) . Separate channels, gated by reed relay S2 (slow) and by electronic switch S3 (fast) produce voltages proportional to the increment of the integrated radiation signai, i.e. respectively the "t&al" and the "fast" radiation bursts produced around the ejection moments. Signals from these channels go to ATC's and the computer. The computer interface is straightforward and home made since at the time when decisions were taken, early in 1969, this seemed the right thing to do.
Computer Software
The computer program occupies about 95 ,% of the 8K memory locations of the PDP-8L computer.
Assembler language was adopted for easy understanding and for quick manipulation through the teletype ASR-33 during first operations.
Interrupt signals from the timing (Fig. 8) Stored data pertaining to another selected acceleration cycle are also transmitted (cycle hold).
Parameter values and their squares may be accumulated during a preselected number of cycles and thereafter statistics (mean values and standard deviations) are printed out (Fig. 9) .
If differences occur in the ejection parameters (Table l) 
